Abstract: Taking advantage of the broadband "super-singularity" in the density of states of hyperbolic metamaterials, we develop a new approach to radiation-absorbing systems and present an experimental realization of this concept.
The nature of the "super-singularity" in the hyperbolic metamaterials can be understood from the visual representation of the density of states in terms of the phase space volume enclosed by two surfaces corresponding to different values of the light frequency. For the "extraordinary" waves in uniaxial dielectric (meta)material, the dispersion law
describes an ellipsoid in the k-space. The phase space volume enclosed between two such surfaces (see Fig. 1(a) ) is then finite, corresponding to a finite density of photonic states. However, when one of the components of the dielectric permittivity tensor is negative, Eqn.
(1) describes a hyperboloid in the phase space. As a result, the phase space volume between two such hyperboloids (corresponding to different values of frequency) is infinite -see Fig.  1 (b), leading to an infinite density of states. While there are many mechanisms leading to a singularity in the density of states, this is unique -as it leads to the infinite value of the density of states for every frequency where different components of the dielectric permittivity have opposite signs.
As the scattering rate, in the spirit of the Fermi Golden Rule [7] , is proportional to the density of states
the super-singularity in ρ(ω) will dramatically enhance the light scattering from the surface defects into the bulk of the hyperbolic metamaterial, with the resulting suppression of the light reflection. We therefore predict [6] that, contrary to the naive intuitive expectations, introducing defects (such as e.g. surface corrugations) at the surface of a hyperbolic metamaterial will dramatically reduce the total light reflection, including the diffuse component.
The hyperbolic metamaterial we used in our experiments, was based on the arrays of 35 nm-thick silver nanowires that were grown using an electroplating technique in anodic alumina membranes with the dimensions 1cm x 1cm x 51µm. The membranes were filled with silver, following the method described in Ref. [8] . The nominal filling factor of silver was ~15%. The fabricated uniaxial metamaterial had hyperbolic dispersion (negative electric permittivity in the direction perpendicular to the membrane's surface, ε ⊥ , and positive electric permittivity in the direction parallel to the membrane, ε || ) in the near-infrared spectral range. From the measurements of angular dependence of reflectance in s and p polarizations, Fig. 1(c) , we have deduced the following materials parameters at λ=873 nm: ε ⊥ '=-0.15, ε ⊥ "=1.07, ε ll '=4.99, and ε ll "=0.02. The measurements and the retrieval procedure are discussed a3567_1.pdf OSA / CLEO/QELS 2010
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978-1-55752-890-2/10/$26.00 ©2010 IEEE in detail in Ref. [8] . The roughness of untreated sample was measured with the atomic force microscope (AFM) to be equal to 40 nm.
The surface of the sample was then corrugated by grinding it with Al 2 O 3 polishing powder, with the roughness of the corrugated sample equal to 600 nm. The reflectance measurements were repeated in the corrugated sample, resulting in much smaller intensities of reflected light, especially at small incidence angles, Fig. 1(c) . The reduced sample's reflectance correlates with its enhanced transmittance measured in a spectrophotometer setup.
As the corrugated samples produced not only specular reflection but also diffused scattering of an incident light, we have evaluated the ratio of the reflected and scattered light intensities by measuring optical signal with a largeaperture detector (1 inch diameter) in the direction of the reflected beam at different distances from the sample. The most conservative estimate (assuming Lambertian scattering distribution diagram) have shown that the ratio of scattering and specular light intensities is much smaller than the difference between reflectance in corrugated and not corrugated samples, Fig.1(c) .
We thus have demonstrated that the reflectance of a hyperbolic metamaterial is significantly reduced upon corrugation of its surface, in an agreement with the original theoretical prediction [6] . With the original concept equally applicable to all parts of the electromagnetic spectrum, our result thus opens an entirely new route towards radiation-absorbing materials and surfaces, with wide range of applications from solar light harvesting to radar stealth technology.
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